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(54) CELL TUBE AND METHOD OF MANUFACTURING THE CELL TUBE 



(57) A battery case (1) is formed such that a thick- 
ness (t-|) of a side wall (1a) with respect to a thickness 
(t 0 ) of a bottom wall (1 b satisfies t 1 = a t 0 (a = 0.2 to 0.7) 
by undergoing an ironing step using ironing dies (11,12, 
and 13) aligned in multiple stages, and that an inside 
face of the side wall is made to have a rough surface 
having average surface roughness of 0.2 iim to 2.0 jam 
by undergoing a drawing step after the ironing step. 

A manufacturing method of the battery case in- 
cludes a first step of manufacturing a battery case ele- 
ment (7) by applying the Dl processing to a cup-shaped 
intermediate product (4), and a second step of manu- 
facturing a battery case by reducing an outside diameter 
to a predetermined outside diameter (r) without chang- 
ing a thickness of a side wall by applying drawing 
processing to the battery case element by drawing dies 
(1 8 and 1 9) aligned in multiple stages. 



Fig. 1 A 




XT- 



CM 
O 

*r 

CD 

oo 

CM 



Q_ 

LU 



Printed by Jouve, 75001 PARIS (FR) 



(Cont. next page) 



EP 1 286 402 A1 



Fig. 1 C 




2 



1 



EP 1 286 402 A1 



2 



Description 

TECHNICAL FIELD 

[0001 ] The present invention relates to a battery case 
used as an exterior case for various kinds of batteries, 
such as an alkaline dry battery, a nickel-cadmium re- 
chargeable battery, and a lithium rechargeable battery, 
and to a method of manufacturing such a battery case 
with Dl (drawing processing and ironing processing) 
processing. 

BACKGROUND ART 

[0002] Conventionally, a method for manufacturing a 
battery case chiefly adopts the transfer drawing method 
for manufacturing a battery case of a predetermined 
shape by repeating deep-drawing processing and 
punching processing for 10 to 13 steps by a transfer 
press machine, and the Dl processing method for man- 
ufacturing a cup-shaped intermediate product in a deep- 
drawing step by a press machine first and thence man- 
ufacturing a battery case of a predetermined shape from 
the cup-shaped intermediate product in a drawing step 
using a drawing die and in an ironing step using an iron- 
ing die. The Dl processing method is advantageous over 
the transfer drawing method in that the productivity can 
be enhanced by reducing the number of steps, and be- 
cause only the side wall is stretched to reduce the thick- 
ness thereof during the step of applying the ironing 
processing to the cup-shaped intermediate product, a 
larger capacity can be achieved, which makes it possi- 
ble to enhance the battery characteristics with an in- 
creasing capacity resulted from an increased filling 
agent while reducing the weight, and therefore, the uti- 
lization factor thereof has been rising. 
[0003] The battery case manufactured by the Dl 
processing method has many advantages as described 
above; however, on the other hand, the inside face of 
the side wall of the battery case is pressed hard against 
the body portion of the punch during the ironing process- 
ing, and the inner surface of the side wall is undesirably 
made smooth. As a result, there arises a problem that 
a contact area between the inside face of the side wall 
and an active material or a cathode mix accommodated 
in the battery case is diminished and an internal resist- 
ance of the battery increases, which results in deterio- 
ration of the battery characteristics. In particular, an al- 
kaline dry battery establishes electrical conduction at 
the positive electrode side only by a secondary contact 
between the inside face of the side wall of the battery 
case serving also as the positive electrode and a pellet 
of the cathode mix, and for this reason, an increased 
internal resistance of the battery caused by the afore- 
mentioned diminished contact area lowers the battery 
performance drastically, and among others, the high 
load discharge characteristics for drawing a large cur- 
rent are deteriorated. 



[0004] Accordingly, an internal resistance of the bat- 
tery between the inside face of the side wall and the 
cathode mix or the active material is reduced conven- 
tionally by applying a conductive coating material, such 

5 as carbon, or a conductive agent onto the inside face of 
the side wall of the battery case, or by forming a nickel- 
tin plated alloy layer on the inside face of the side wall. 
Theses means, however, cannot reduce the internal re- 
sistance of the battery sufficiently; moreover, because 

10 the surface on the inside face of the side wall is smooth, 
the retentivity for the conductive coating material or the 
conductive agent is too weak to achieve required post- 
preservation battery characteristics. 
[0005] On the other hand, a battery case manufac- 

15 tured by a processing method other than the above-de- 
scribed Dl processing method, for example, the above- 
described transfer drawing method, has the surface on 
the inside face of the side wall made rough with minute 
wrinkles madewhilethe drawing step is repeated a large 

20 number of times. Hence, a contact area with the cathode 
mix or the active material is enlarged, which makes it 
possible to suppress an increase in internal resistance 
of the battery. However, the ironing processing is sel- 
dom applied in the transfer drawing method, and in that 

25 event, the thickness of the side wall is hardly reduced 
in comparison with the thickness of the bottom wall. 
Hence, the capacity of the battery case remains the 
same, and there is a drawback that a filling amount of 
the active material or the like is reduced, and the charge 

30 and discharge characteristics are deteriorated. In addi- 
tion, because this manufacturing method of the battery 
case has too many steps as described above, the pro- 
ductivity cannot be enhanced, which results in an in- 
crease of the manufacturing costs. 

35 [0006] In light of the conventional problems as de- 
scribed above, the present invention has an object to 
provide a battery case having a shape that enlarges a 
contact area between the inside face of the side wall 
and the cathode mix orthe active material while keeping 

40 a large capacity, and a method for manufacturing such 
a battery case at high productivity. 

DISCLOSURE OF THE INVENTION 

45 [0007] In order to achieve the above objects, a battery 
case of the present invention is formed in such a manner 
that: a thickness t 1 of a side wall with respect to a thick- 
ness t 0 of a bottom wall satisfies t 1 = a t 0 (a = 0.2 to 0.7) 
by undergoing an ironing step using ironing dies aligned 
50 in multiple stages; and an inside face of the side wall 
has a rough surface having average surface roughness 
of 0.2 ujti to 2.0 u.m by undergoing a drawing step after 
the ironing step. 

[0008] This battery case has a large contact area be- 
55 tween the inside face of the side wall and the cathode 
mix or the active material accommodated therein, 
whereby an internal resistance of the battery is reduced 
drastically. Also, when a conductive material, such as 
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carbon, is applied onto the inside face of the side wall, 
the retentivity for the conductive material or the like is 
enhanced, which makes it possible to maintain high 
post-preservation battery characteristics over a long pe- 
riod. In order to enlarge the contact area, the average 5 
surface roughness is set to a range from 0.2 ^m to 2.0 
u.m. Also, this battery case has a large capacity, be- 
cause the side wall is made thinner than the bottom wall 
by undergoing the ironing step. Hence, a filling quantity 
of the cathode mix or the active material is increased, 10 
and the battery performance, such as charge and dis- 
charge characteristics, is enhanced. 
[0009] A manufacturing method of a battery case of 
the present invention includes: a first step of manufac- 
turing a battery case element by applying drawing 15 
processing by at least one drawing die and ironing 
processing by ironing dies aligned in multiple stages to 
a cup-shaped intermediate product, so that a thickness 
t 1 of a side wall with respect to a thickness t 0 of a bottom 
wall satisfies t 1 = a t 0 (a = 0.2 to 0.7); and a second step 20 
of manufacturing a battery case by reducing an outside 
diameter of the battery case element to a predetermined 
outside diameter without changing the thickness of the 
side wall by applying drawing processing with drawing 
dies aligned in multiple stages. 25 
[001 0] According to this manufacturing method of the 
battery case, ironing processing is not applied in the 
second step. Hence, the battery case element is plasti- 
cally deformed to a condition that the outside diameter 
is reduced to a predetermined outside diameter while 30 
maintaining the thickness of the side wall. Accordingly, 
the inside face of the side wall of the battery case is 
made rough with minute wrinkles made while the out- 
side diameter is reduced without changing the thickness 
of the side wall. Consequently, fine irregularities are 35 
formed across the inside face at a uniform density, which 
enlarges a contact area with the cathode mix or the ac- 
tive material. The inner surface of the side wall is made 
rough by undergoing a series of manufacturing proce- 
dures of the battery case without requiring any special 40 
step. Hence, the productivity is not impaired. 
[0011] Also, because the ironing processing is ap- 
plied to the cup-shaped intermediate product in the first 
step, the side wall is made thinner than the bottom wall, 
and the outside diameter is reduced without changing 45 
the thickness of the side wall in the second step. Hence, 
the completed battery case has a large capacity. Fur- 
ther, in the second step, a material corresponding to de- 
formation caused by the diameter reduction of the bat- 
tery case element is flown so that it is released into the 50 
bottom wall. Hence, a step portion is formed at the pe- 
ripheral portion of the bottom wall thicker than the side 
wall. As a result, the completed battery case has the 
strength high enough to prevent an occurrence of buck- 
ling or the like. 55 



4 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0012] 

Fig. 1 A is a partially broken side view showing a bat- 
tery case according to one embodiment of the 
present invention, Fig. 1 B is an enlarged cross sec- 
tion taken along the line IB - IB of Fig. 1A, Fig. 1C 
is an enlarged view schematically showing a portion 
IC of Fig. 1B, Fig. 1D is an enlarged cross section 
schematically showing a conventional battery case 
for comparison with Fig. 1C, Fig. 1 E is a partially 
broken side view showing another example of the 
battery case according to the embodiment; 
Figs. 2A and 2B are cross sections schematically 
showing a sequence of manufacturing procedures 
in a first step to embody a method for manufacturing 
the above battery case according to a first embod- 
iment of the invention; 

Figs. 3A and 3B are cross sections schematically 
showing a sequence of manufacturing procedures 
in a second step of the above manufacturing meth- 
od; 

Figs. 4A and 4B are cross sections schematically 
showing a sequence of manufacturing procedures 
to embody a method for manufacturing the above 
battery case according to a second embodiment of 
the invention; 

Figs. 5A and 5B are graphs respectively showing 
actual measurement values of surface roughness 
of an inside face of a side wall of a battery case el- 
ement manufactured in the first step of the above 
manufacturing method, and of an inside face of a 
side wall of a completed battery case measured 
along the circumferential direction; 
Figs. 6A and 6B are graphs respectively showing 
actual measurement values of the surface rough- 
ness of the inside face of the side wall of the battery 
case element, and of the inside face of the side wall 
of the battery case measured along the axial direc- 
tion; 

Fig. 7 is a characteristics view showing a relation- 
ship between a drawing ratio of the battery case to 
the battery case element and average surface 
roughness of the inside face of the side wall; 
Fig. 8 is a partially cutaway cross section showing 
a size AA alkaline dry battery; 
Fig. 9 is a partially broken perspective view showing 
a nickel-cadmium rechargeable battery; and 
Fig. 1 0 is a longitudinal cross section showing a cy- 
lindrical lithium rechargeable battery. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0013] The following will describe preferred embodi- 
ments of the present invention with reference to the 
drawings. Fig. 1 A is a partially broken side view showing 
a battery case 1 according to one embodiment of the 
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present invention. Fig. 1B is an enlarged cross section 
taken along the line IB - IB of Fig. 1 A. Fig. 1 C is an en- 
larged view schematically showing a portion IC of Fig. 
1 B. As shown in Fig. 1 A, the battery case 1 is manufac- 
tured such that the thickness t 1 of the side wall 1 a with 
respect to the thickness t 0 of the bottom wall 1 b satisfies 
t 1 = at 0 (cx = 0.2 to 0.7). The capacity of the battery case 
1 increases as the thickness t| of the side wall 1 a is re- 
duced. Hence, this battery case 1 has satisfactory pres- 
sure withstand strength because of the presence of the 
relatively thick bottom wall 1b and a step portion 1c at 
the bottom peripheral portion defined as a boundary be- 
tween the bottom wall 1 b and the side wall 1 a while hav- 
ing a larger battery capacity by increasing a filling quan- 
tity of the active material or the cathode mix. 
[0014] Also, as shown in Fig. 1B, the battery case 1 
is manufactured by using a nickel-plated steel plate in- 
cluding a steel plate 2 and a nickel-plating layer 3 formed 
thereon as a material. The reason why the nickel-plated 
steel plate is used is as follows: nickel has good resist- 
ance to alkali corrosion by strongly alkaline potassium 
hydroxide used as an electrolyte in an alkaline dry bat- 
tery and a nickel-cadmium rechargeable battery, to 
which the battery case 1 is mainly applied; nickel shows 
a stable contact resistance when the battery is connect- 
ed to an external terminal; nickel shows an excellent 
spot welding property for spot welding applied when the 
battery is assembled, etc. 

[0015] Further, as shown in Fig. 1C, many irregulari- 
ties are formed across the inside face of the side wall 
1a of the battery case 1 at a uniform density and fine 
intervals, and the average surface roughness Ra is set 
to 0.2 jam to 2.0 u.m. Fig. 1D is a view schematically 
showingthe roughness of the inside face of theside wall 
of a conventional battery case manufactured by the Dl 
processing method for comparison with Fig. 1 C. The in- 
side face of the side wall 1 a of the battery case 1 of the 
present embodiment has a rough surface on which rel- 
atively large irregularities are formed at fine intervals in 
comparison with the conventional battery case. Conse- 
quently, a larger contact area is secured with the cath- 
ode mix orthe active material accommodated in the bat- 
tery case 1 , which drastically reduces an internal resist- 
ance of the battery. Also, when a conductive material, 
such as carbon, is applied onto the inside face of the 
side wall 1a, the retentivity for the conductive material 
or the like is enhanced, which improves the post-pres- 
ervation battery characteristics. 

[0016] Next, the following will describe a method for 
manufacturing the battery case 1 of the above-de- 
scribed embodiment at high productivity and with high 
accuracy. Firstly, the manufacturing method of the bat- 
tery case 1 according to a first embodiment of the inven- 
tion has a first step shown in Figs. 2A and 2B, and a 
second step shown in Figs. 3A and 3B. The first step 
shown in Figs. 2A and 2B adopts the Dl processing 
method using a known drawing and ironing machine. 
The drawing and ironing machine applies single-stage 



drawing processing and triple-stage ironing processing 
at a time to a cup-shaped intermediate product 4 man- 
ufactured in and transported from the step prior to the 
first step, whereby a battery case element 7 shown in 

5 Fig. 2B is manufactured. Because the cup-shaped in- 
termediate product 4 undergoes known steps, an illus- 
tration of these steps is omitted herein. However, it is 
manufactured by punching out a hoop-shaped battery 
case material supplied to a press machine into a prede- 

10 termined shape, and then by applying deep-drawing 
processing. The thickness T 1 of the side wall of the cup- 
shaped intermediate product 4 is substantially the same 
as the thickness T 0 of the bottom wall. 
[0017] The drawing and ironing machine used in the 

15 first step includes a first punch 8, a dies mechanism 9, 
and a stripper (not shown). The dies mechanism 9 in- 
cludes a drawing die 10 and first through third ironing 
dies 1 1 through 1 3, all of which are aligned in series con- 
centrically with the axis of the first punch 8. The cup- 

20 shaped intermediate product 4 transported by an inter- 
mediate product transportation unit (not shown) is posi- 
tioned at a molding position shown in Fig. 2A, and is 
pushed to move by the first punch 8 that moves ahead 
in a direction indicated by an arrow from the molding 

25 position, whereby the shape thereof is drawn into a 
shape conforming to the tip end shape of the first punch 
8 by the drawing die 1 0 in the first place. As a result of 
this drawing processing, the cup-shaped intermediate 
product 4 is plastically deformed to have a slightly small- 

30 er diameter and become taller, but the thickness thereof 
is hardly changed. 

[0018] The cup-shaped intermediate product 4 is 
pushed to movefurtherby the first punch 8, and the iron- 
ing processing in the first stage is applied by the first 

35 ironing die 1 1 , whereby the side wall 1 a is stretched and 
the thickness is reduced and the hardness is increased 
by work hardening. When the cup-shaped intermediate 
product 4 is pushed to move furthermore by the first 
punch 8, the ironing processing in the second stage is 

40 applied by the second ironing die 12 having a smaller 
inside diameter than the first ironing die 1 1 , and subse- 
quently, the ironing processing in the third stage is ap- 
plied by the third ironing die 1 3 having a smaller inside 
diameter than the second ironing die 12. As a result, as 

45 shown in Fig. 2B, the side wall 1a is stretched step by 
step, so that the thickness is reduced further and the 
hardness is increased. The battery case element 7 man- 
ufactured by having undergone the drawing processing 
and the ironing processing by the Dl processing method 

50 is removed from the drawing and ironing machine by the 
stripper. In this battery case element 7, the thickness t-| 
of the side wall 7a with respect to the thickness t 0 of the 
bottom wall 7b satisfies t 1 = a t 0 (a = 0.2 to 0.7). 
[0019] In the subsequent second step, the drawing 

55 processing is applied to the battery case element 7 man- 
ufactured in the first step by a drawing press machine 
as shown in Figs. 3A and 3B. The drawing press ma- 
chine applies double-stage drawing processing to the 
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battery case element 7 manufactured in and transported 
from the first step, whereby the required battery case 1 
shown in Fig. 3B is manufactured. The drawing press 
machine used in the second step includes a second 
punch 14, a dies mechanism 17, and a stripper (not 
shown). The dies mechanism 1 7 includes a first drawing 
die 18 and a second drawing die 19, which are aligned 
in series concentrically with the axis of the second punch 
14. 

[0020] The battery case element 7 transported by a 
battery case element transportation unit (not shown) is 
positioned at a molding position shown in Fig. 3A, and 
is pushed to move by the second punch 1 4 as it moves 
ahead in a direction indicated by an arrow in the draw- 
ing, whereby the shape thereof is drawn into a shape 
conforming to the tip end shape of the second punch 1 4 
by the first drawing die 18. As a result of this drawing 
processing, the battery case element 7 is plastically de- 
formed to have a slightly smaller diameter and become 
taller with the thickness of the side wall 7a being hardly 
changed. 

[0021 ] The battery case element 7 is pushed to move 
further by the second punch 14, and is drawn into the 
same condition as described above by the second draw- 
ing die 19 having a smaller inside diameter than the first 
drawing die 18. As a result, as shown in Fig. 3B, the 
required battery case 1 is completed. The battery case 
1 thus manufactured is removed from the drawing press 
machine by the stripper. 

[0022] According to the battery case 1 manufactured 
in this manner, only the drawing processing is applied 
in the second step to the battery case element 7 manu- 
factured by the Dl processing method in the first step, 
and no ironing processing is applied. Hence, the battery 
case element 7 is plastically deformed in a condition that 
the outside diameter R is reduced to a predetermined 
smaller outside diameter r while maintaining the thick- 
ness t 1 of the side wall 7a. It should be noted, however, 
that in the second step, a material corresponding to de- 
formation caused by the diameter reduction of the bat- 
tery case element 7 is flown so that it is released into 
the bottom wall 1 b. Hence, the bottom wall thickness t 0 
is hardly changed, but a step portion 1 c is formed at the 
peripheral portion of the bottom wall 1 b. 
[0023] According to the manufacturing method of the 
battery case 1 , the outside diameter R of the battery 
case element 7 is reduced to the predetermined smaller 
outside diameter r without changing the thickness t 1 of 
the side wall 7a in the second step. This naturally pro- 
vides the inside face of the side wall 7a with a rough 
surface, thereby making it possible to manufacture the 
battery case 1 of the embodiment shown in Fig. 1 A with 
high accuracy. Herein, the inside face of the side wall 
7a is made rough with many minute wrinkles made while 
the diameter is reduced without changing the thickness 
t-| of the sidewalk Accordingly, the inside face has a sat- 
isfactory rough surface thereacross on which extremely 
fine irregularities are formed at a uniform density, and 



as a result, a contact area with the cathode mix or the 
active material is enlarged. In contrast, for example, ac- 
cording to a conventional battery case provided with a 
flute or the like in the inside face of the side wall by ap- 

5 plying the Dl processing with a punch provided with a 
flute at the body portion, the contact area is not enlarged 
significantly. In addition, because the completed battery 
case 1 maintains the thin side wall 7a of the battery case 
element 7 intact, it maintains a large capacity. 

10 [0024] According to the manufacturing method of the 
battery case 1 , the inside face of the side wall 1 a is made 
rough by undergoing a series of the manufacturing pro- 
cedures of a battery. Hence, no special step is neces- 
sary to make the surface rough, whereby the battery 

15 case 1 is manufactured at high productivity. 

[0025] The present invention can be applied to a bat- 
tery case in which the positive electrode terminal is 
formed integrally with the bottom wall 1d as shown in 
Fig. 1 E. This battery case is also manufactured such 

20 that the thickness t 1 of the side wall 1 a with respect to 
the thickness t 0 of the bottom wall 1 d satisfies t 1 = a t 0 
(a = 0.2 to 0.7), and that the average surface roughness 
of the inside face of the side wall 1a is 0.2 jim to 2.0 jim. 
The positive electrode terminal is formed by the drawing 

25 processing with a drawing die in a step prior to the iron- 
ing step. 

[0026] Figs. 4A and 4B are cross sections schemati- 
cally showing the manufacturing steps embodying a 
manufacturing method of the battery case 1 according 

30 to a second embodiment of the invention. In the draw- 
ings, like components are labeled with the same refer- 
ence numerals with respect to Figs. 2A through 3B, and 
the description of these components is omitted herein. 
The manufacturing method of the present embodiment 

35 is to manufacture the battery case 1 by applying the 
drawing processing and the ironing processing by the 
Dl processing method in the first step and the drawing 
processing in the second step of the first embodiment 
to the cup-shaped intermediate product 4 at a time. 

40 [0027] A press machine used in the manufacturing 
method of present embodiment includes a dies mecha- 
nism 22, and a hollow external punch 20 having the 
same outside shape as the first punch 8 used in the first 
step of the first embodiment, and an internal punch 21 

45 having substantially the same shape as the second 
punch 14 used in the second step of the first embodi- 
ment and accommodated in the external punch 20 such 
that it is allowed to go therein and come out therefrom. 
The dies mechanism 22 includes the drawing die 1 0 and 

50 the first through third ironing dies 11 through 13 for a 
first step P1 , and the first drawing die 1 8 and the second 
drawing die 19 for a second step P2, all of which are 
aligned in series concentrically with the axis of both the 
punches 20 and 21 . 

55 [0028] With the press machine, the external punch 20 
accommodating the internal punch 21 moves ahead in 
a direction indicated by an arrow in the drawing while 
pushing the cup-shaped intermediate product 4, and 
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passes through the drawing die 1 0 and the first through 
third ironing dies 11 through 13 sequentially, whereby a 
battery case element 7 is manufactured from the cup- 
shaped intermediate product 4 by the Dl processing as 
the first step P1 . As shown in Fig. 4B, the external punch 
20 is stopped when its tip end portion has passed 
through the third ironing die 13 in the last stage of the 
first step P1 , and only the internal punch 21 having pro- 
jected from the external punch 20 continues to move 
ahead. The internal punch 21 moves ahead while push- 
ing the battery case element 7 to move and passes 
through the first drawing die 1 8 and the second drawing 
die 19 sequentially, whereby the required battery case 
1 is manufactured from the battery case element 7 by 
the drawing processing as the second step P2. 
[0029] Hence, according to the manufacturing meth- 
od of the second embodiment, the battery case 1 de- 
scribed in the first embodiment is manufactured from the 
cup-shaped intermediate product 4 by the first and sec- 
ond steps P1 and P2, which are substantially the same 
as the first and second steps in the first embodiment; 
moreover, the cup-shaped intermediate product 4 is 
plastically deformed into the battery case 1 by a series 
of steps at a time, which offers advantages that the pro- 
ductivity is enhanced drastically. 
[0030] The inventors of the present invention actually 
manufactured the battery case 1 by the manufacturing 
method of the first embodiment, and measured an av- 
erage surface roughness of the inside face of the side 
wall 1 a of the battery case 1 . Figs. 5A and 5B are graphs 
respectively showing actual measurement values of the 
surface roughness of the side wall 7a of the battery case 
element 7 and of the side wall 1 a of the battery case 1 
measured along the circumferential direction (a direc- 
tion intersecting with the axis at right angles). Figs. 6A 
and 6B are graphs respectively showing actual meas- 
urementvalues ofthesurface roughness of theside wall 
7a and of the side wall 1 a measured along the axial di- 
rection. 

[0031] The surface roughness was measured by a 
surface roughness and counter tester commercially 
known as "Surfcom 1400" of Tokyo Seimitsu Co., Ltd. 
In each graph, the horizontal axis represents a meas- 
urement length used as an evaluating length in finding 
average surface roughness Ra (JIS B 0601 - 1 982), and 
the vertical axis represents the surface roughness. As 
is obvious from the surface roughness curves in Figs. 
5A and 5B and Figs. 6A and 6B, the inner surface of the 
side wall 1 a of the battery case 1 obtained by the man- 
ufacturing method of the invention is made rough signif- 
icantly in comparison with the inner surface of the side 
wall 7a of the battery case element 7 manufactured by 
the Dl processing method alone, that is, the inner sur- 
face of the side wall of the conventional battery case. 
[0032] Fig. 7 is a characteristic view showing a rela- 
tionship between a drawing ratio of the battery case 1 
to the battery case element 7 calculated based on the 
surface roughness curve data in Figs. 5A and 5B and 



Figs. 6A and 6B and the average surface roughness Ra. 
The drawing ratio is a ratio (r/R) of the outside diameter 
r of the battery case 1 in the second step to the outside 
diameter R of the battery case element 7. Also, in Fig. 
5 7, a curve C1 is a characteristic curve of the average 
surface roughness Ra in the circumferential direction of 
the battery case 1 , and a curve C2 is a characteristic 
curve of the average surface roughness Ra in the axial 
direction of the battery case 1 . As shown in the drawing, 
10 when the drawing ratio is changed to "1.00", "0.87", 
"0.79", and "0.65", the average surface roughness in the 
circumferential direction changes correspondingly to 
"0.24", "0.48", "0.58", and "0.76", respectively, and the 
average surface roughness in the axial direction Chang- 
's es correspondingly to "0.15", "0.28", "0.41", and "0.68", 
respectively. 

[0033] Incidentally, a parameter used as an index in 
enlarging the contact area between the side wall 1 a with 
the cathode mix or the active material accommodated 

20 in the battery case 1 is the average surface roughness 
Ra in the circumferential direction of the battery case 1 . 
In order to enlarge the contact area, it is preferable to 
set the average surface roughness Ra to a range from 
0.2 jim to 2.0 jam. To this end, the drawing ratio in the 

25 second step is set to a range from 0.4 to 0.9, and more 
preferably, to a range from 0.5 to 0.8. When the drawing 
ratio is set to 0.4 or lower, it becomes difficult to manu- 
facture a less-deformed battery case 1 from the battery 
case element 7 in the second step. When the drawing 

30 ratio is set to 0.9 or higher, the side wall 1 a of the battery 
case 1 is not made rough in a satisfactory manner. 
Hence, the advantages of enlarging the contact area be- 
come less satisfactory. 

[0034] Further, in order to obtain the battery case 1 

35 having a less-deformed shape by setting the drawing 
ratio (r/R) in the second step to the above-specified 
range, it is preferable to manufacture the battery case 
element 7 having a ratio (t-,/t 2 ) of the thickness t 1 of the 
side wall 7a and the thickness t 2 of the bottom wall 7b 

40 in a range from 0.2 to 0.7 in the first step. 

[0035] Fig. 8 is a partially cutaway cross section 
showing a size AA alkaline dry battery, and a battery 
case 23 of this battery is manufactured by the manufac- 
turing method of the above embodiments. A cathode 

45 mix 24, which is molded into a plurality of pellets by 
kneading manganese dioxide serving as the positive 
electrode active material, graphite serving as a conduc- 
tive agent, and potassium hydroxide serving as an elec- 
trolyte, is inserted under a pressure the battery case 23 

50 also serving as the positive electrode. A separator 27 is 
inserted into an inner hallow portion of the cathode mix 
24, and a negative electrode gel material 28 made of an 
aqueous solution of caustic potash serving as an elec- 
trolyte, a viscous material, and a zinc powder is filled 

55 inside the separator 27. 

[0036] An assembly, including a negative electrode 
collector 30 formed integrally with a negative electrode 
bottom plate 31 being press-fit into a sealing body 29 
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provided with an explosion proof mechanism atthecent- 
erthereof through a washer 32, is inserted into the open- 
ing portion of the battery case 23, and the opening por- 
tion is sealed by being adhered firmly to an engaging 
portion of the sealing body 29. A positive electrode ter- 
minal 33 is formed integrally at the bottom portion of the 
battery case 23 also serving as the positive electrode. 
Also, the battery case 23 is wrapped with an exterior 
label 34 laminated onto the outside face thereof. 
[0037] With this alkaline dry battery, the cathode mix 
24 and the battery case 23 establish electrical conduc- 
tion only by a secondary contact therebetween. The bat- 
tery case 23 is manufactured by the manufacturing 
method of the first or second embodiment, and has a 
rough surface having many fine irregularities as shown 
in Fig. 1C on the inside face of the side wall 23a. For 
this reason, the alkaline dry battery has a drastically en- 
larged contact area between the cathode mix 24 and the 
inside face of the side wall 23a of the battery case 23 in 
comparison with the conventional battery case, which 
reduces an internal resistance of the battery, thereby ex- 
hibiting an extremely superior battery performance. Al- 
so, when the inside face of the battery case 23 is coated 
with a conductive agent, such as carbon, the retentivity 
for the conductive agent is enhanced by the inside face 
made rough. Consequently, not only an internal resist- 
ance of the battery is reduced further, but also the post- 
preservation battery characteristics are enhanced. 
[0038] The battery case 23, having undergone the 
step of manufacturing the battery case element 7 from 
the cup-shaped intermediate product 4 by the Dl 
processing method in the first step, has a large capacity, 
because the side wall 23a is stretched and the thickness 
thereof is reduced in comparison with the bottom wall, 
so that the diameter is reduced without changing the 
thickness of the side wall 23a in the second step. Con- 
sequently, the battery case 23 can be filled with a greater 
quantity of the cathode mix 24 or the negative electrode 
gel material 28, which enhances the battery perform- 
ance, such as the charge and discharge characteristics. 
Moreover, because the diameter of the battery case 23 
is reduced in the second step without changing the thick- 
ness of the side wall of the battery case element, a ma- 
terial corresponding to deformation caused by the diam- 
eter reduction is flown so that it is released into the bot- 
tom wall, and a step portion is formed at the peripheral 
portion of the bottom wall thickerthan theside wall. Con- 
sequently, the battery case 23 has a larger capacity by 
reducing the thickness of the side wall 23a on one hand, 
and on the other hand, it achieves better strength due 
to the thick bottom wall and the step portion, thereby 
preventing an occurrence of buckling or the like. 
[0039] Fig. 9 is a partially broken perspective view 
showing a nickel-cadmium rechargeable battery, and a 
battery case 37 of this battery is also manufactured by 
the manufacturing methods described above. An elec- 
trode group 38 accommodated in the battery case 37 
includes a positive electrode plate 39 composed of a 



core coated with a positive electrode active material 
having nickel hydroxide as a principal component, and 
a negative electrode plate 40 composed of a core coat- 
ed with a negative electrode active material having a hy- 
5 drogen-absorption alloy powder as a principal compo- 
nent, which are deposited with a separator 41 being dis- 
posed in between and convoluted. After the electrode 
group 38 is accommodated into the battery case 37, an 
electrolyte (not shown) is filled therein, and an opening 
portion of the case is sealed airtight by a sealing mem- 
ber 42 including a sealing plate 43, a safety vent 44, an 
insulation gasket 47, and a metal cap 46. 
[0040] With the nickel-cadmium rechargeable battery, 
a positive electrode lead is extended from the positive 
electrode plate 39 of the convoluted electrode group 38 
and connected to the sealing plate 43, and a negative 
electrode lead is extended from the negative electrode 
plate 40 and connected to the bottom portion of the bat- 
tery case 37. 

[0041] In the nickel-cadmium rechargeable battery ar- 
ranged in this manner, the negative electrode lead of the 
negative electrode plate 40 is connected to the battery 
case 37 also serving as the negative electrode, and 
therefore, electrical conduction by a contact between 
the inside face of the side wall 37a of the battery case 
37 and the negative electrode plate 40 is not necessary. 
The electrode group 38 is fixed inside the battery case 
37 by contacting the rough inside face of the side wall 
37a of the battery case 37 with a large contact area. As 
a result, when an external impact or a drop impact is 
applied, an occurrence of a shift between the electrode 
group 38 and the inside face of the battery case 37 is 
restrained, thereby preventing an internal short-circuit. 
Likewise the alkaline dry battery described above, this 
battery has a larger capacity by reducing the thickness 
of the side wall 37a on one hand, and on the other hand, 
it achieves better strength because of the thick bottom 
wall and the step portion at the peripheral portion be- 
tween the bottom wall and the side wall, thereby pre- 
venting an occurrence of buckling or the like. 
[0042] Also, there is a nickel-cadmium rechargeable 
battery of a type arranged such that the negative elec- 
trode plate 40 positioned at the outermost radius of the 
electrode group 38 has a plane-contact with the inside 
face of the battery case 37 also serving as the negative 
electrode in establishing electrical conduction. In other 
words, in the battery arranged in this manner, a lead por- 
tion of the negative electrode plate 40 is not spot-welded 
to the bottom portion of the battery case 37. Thus, the 
negative electrode plate 40 at the outermost radius and 
the inside face of the battery case 37 need to contact 
with each other at a large contact area. However, be- 
cause the battery case 37 is manufactured by the first 
or second manufacturing method described as above, 
it has a rough surface having many fine irregularities on 
the inside face of the side wall 37a, which drastically 
enlarges the contact area between the negative elec- 
trode plate 40 at the outermost radius and the inside 
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face of the side wall 37a in comparison with a conven- 
tional battery case. As a result, an internal resistance of 
the battery is reduced and superior charge and dis- 
charge characteristics are achieved. 
[0043] Fig. 10 is a longitudinal cross section showing 
a cylindrical lithium rechargeable battery, and a battery 
case 48 of this battery is also manufactured by the man- 
ufacturing method of the above embodiments. An elec- 
trode group 52, which is composed of a positive elec- 
trode plate 49 and a negative electrode plate 50 depos- 
ited with a separator 51 being disposed in between and 
convoluted, is accommodated in the battery case 48. A 
positive electrode lead 53 is extended from the positive 
electrode plate 49 and connected to a sealing plate 54, 
and a negative electrode lead 57 is extended from the 
negative electrode plate 50 and connected to the bottom 
portion of the battery case 48. Insulation rings 58 are 
provided at the top and bottom portions of the electrode 
group 52, respectively. After the battery case 48 is filled 
with an electrolyte (not shown), the opening portion 
thereof is sealed with the sealing plate 54 provided with 
a safety vent 59 and an insulation packing 60. 
[0044] In this lithium rechargeable battery, because 
the negative lead 57 of the negative electrode plate 50 
is connected to the battery case 48 also serving as the 
negative electrode, electrical conduction by a contact 
between the inside face of the side wall 48a of the bat- 
tery case 48 and the negative electrode plate 50 is not 
necessary. The electrode group 52 is fixed inside the 
battery case 48 by contacting the rough inside face of 
the side wall 48a of the battery case 48 at a large contact 
area. Hence, when an external impact is applied, the 
electrode group 52 is prevented from moving inside the 
battery case 48, which offers advantages that a change 
in an internal resistance of the battery is restrained. 

INDUSTRIAL APPLICABILITY 

[0045] As has been discussed, according to the bat- 
tery case of the present invention, the inside face of the 
side wall is formed to have an adequate rough surface. 
Hence, a contact area between the inside face of the 
side wall with the cathode mix or the active material ac- 
commodated therein is enlarged and an internal resist- 
ance of the battery is reduced. Moreover, when an con- 
ductive material, such as carbon, is applied onto the in- 
side face of the side wall, the retentivity for the conduc- 
tive material is enhanced, which makes it possible to 
maintain high post-preservation battery characteristics 
over a long period. Further, the side wall is made thinner 
than the bottom wall by undergoing the ironing process- 
ing. Hence, it is possibleto enhancethe battery perform- 
ance, such as charge and discharge characteristics, by 
increasing a filling quantity of the cathode mix or the ac- 
tive material. 

[0046] Also, according to the manufacturing method 
of the battery case of the invention, the battery case el- 
ement manufactured in the first step is plastically de- 



formed to a condition that the outside diameter is re- 
duced to a predetermined smaller outside diameter 
while maintaining the thickness of the side wall intact in 
the second step where no ironing processing is applied. 
5 Hence, the inside face of the side wall of the battery case 
is made rough as many minute wrinkles are made, and 
fine irregularities are formed across the inside face at a 
uniform density, whereby a contact area with the cath- 
ode mix and the active material is enlarged. Also, be- 
cause the side wall becomes thinner than the bottom 
wall, it is possible to manufacture a battery case having 
a large capacity. Furthermore, because a material cor- 
responding to deformation caused by the diameter re- 
duction of the battery case element is flown so that it is 
released into the bottom wall, the thickness of the bot- 
tom wall increases slightly in comparison with the bat- 
tery case element, and a step portion is formed at the 
peripheral portion of the bottom wall. Thereby, it is pos- 
sible to obtain a battery case having the strength high 
enough to prevent an occurrence of buckling or the like. 
Consequently, the present invention is useful in achiev- 
ing a better battery performance and higher strength of 
the battery case at the same time. 



Claims 

1. A battery case characterized by being formed in 
such a manner that: 

a thickness (t^ of a side wall (1a) with respect 
to a thickness (t 0 ) of a bottom wall (1 b) satisfies 
t 1 =cct 0 (a= 0.2to 0.7) by undergoing an ironing 
step using ironing dies (11 , 12, and 13) aligned 
in multiple stages; and 

an inside face of said side wall has a rough sur- 
face having average surface roughness of 0.2 
ujti to 2.0 urn by undergoing a drawing step af- 
ter said ironing step. 

2. A manufacturing method of a battery case, compris- 
ing: 

a first step of manufacturing a battery case el- 
ement (7) by applying drawing processing by a 
drawing die (1 0) and ironing processing by iron- 
ing dies (11, 12, and 13) aligned in multiple 
stages to a cup-shaped intermediate product 
(4), so that a thickness (t^ of a side wall (7a) 
with respect to a thickness (t 0 ) of a bottom wall 
(7b) satisfies t, = a t 0 (a = 0.2 to 0.7); and 
a second step of manufacturing a battery case 
(1 ) by reducing an outside diameter of said bat- 
tery case element to a predetermined outside 
diameter without changing the thickness of the 
side wall by applying drawing processing with 
drawing dies (18 and 19) aligned in multiple 
stages. 
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The manufacturing method of a battery case ac- 
cording to claim 2, wherein 

the battery case element (7) is manufactured 
by pushing the cup-shaped intermediate product (4) 
by an external punch (20) to pass through each of 5 
the dies (10, 11, 12, and 1 3) aligned in series in the 
first step; 

said external punch is stopped when a tip end 
portion thereof has passed through the ironing die 
(13) at a last stage in said first step, whereupon an 10 
internal punch (21), which is allowed to go into and 
come out from said external punch, projects from 
said external punch to continueto move ahead; and 

the battery case (1 ) is manufactured by push- 
ing said battery case element with said internal 15 
punch to pass through each of the drawing dies (1 8 
and 1 9) in the second step, the drawing dies being 
aligned in series contiguously to a latter stage side 
of the dies in said first step. 

20 

The manufacturing method of a battery case ac- 
cording to claim 2, wherein, in the second step, the 
drawing processing is applied in such a mannerthat 
a drawing ratio r/R of an outside diameter (r) of the 
battery case (1) to an outside diameter (R) of the 25 
battery case element (7) is 0.4 to 0.9. 

A battery comprising the battery case (1 ) according 
to claim 1 that accommodates elements for power 
generation and is sealed at an opening portion 30 
thereof. 
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Fig. 6 A 
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